Mineralogical and H, O, Sr, and Nd isotope compositions have been analyzed on a set of representative samples from the 17-m.y. section in ODP Leg 116 Holes 717C and 718C. Based on the mineralogical composition of the fraction <2 µm together with the lithogenic-biogenic composition of the fraction >63 µm, the whole section can be subdivided into three major periods of sedimentation. Between 17.1 and 6 m.y., and between 0.8 m.y. to present, the sediments are characterized by sandy and silty turbiditic inputs with a high proportion of minerals derived from a gneissic source without alteration. In the fraction <2 µm, illite and chlorite are dominant over smectite and kaolinite. The granulometric fraction >63 µm contains quartz, muscovite, biotite, chlorite, and feldspars. The 6-to 0.8-m.y. period is represented by an alternation of sandy/silty horizons, muds, and calcareous muds rich in smectite, and kaolinite (50% to 85% of the fraction <2 µm) and bioclastic material. The presence of smectite and kaolinite, as well as the I8 O/ 16 O and the 87 Sr/ 86 Sr ratios of the fraction <2 µm, imply an evolution in a soil environment and exchanges with meteoric ground water.
INTRODUCTION
The Bengal Fan deposits stretch more than 2,500 km south of the Ganges-Brahmaputra Delta. They form the greatest sedimentary accumulation in the world, being more than 12 km thick under the upper fan, and result from the greatest influx of particulate matter to the oceans (24% of the total flow of particles to the oceans) (Milliman and Meade, 1983) . Beside their immediate interest for sediment transportation and deposition mechanism studies, these deposits record the history of uplift and erosion processes in the Himalayas (Gansser, 1966; Curray and Moore, 1971; Leg 116 Shipboard Scientific Party, 1987) . Using combined sedimentological, mineralogical, and isotopic approaches, our purposes are:
1. To determine the sources of the detrital sediments from the Miocene to the Present. The principal sources must be in the Himalayas as indicated by the great thickness of eroded crust (more than 10 km). However, considering the extreme distal fan position of Leg 116 sites ( Fig. 1) , it is possible that the adjacent seamounts (Afanaziy Nikitin) or the old continental crusts of Sri Lanka and eastern India have also contributed some material.
2. To assess the evolution of the detrital minerals from their source to their depositional area, under the cumulative effects of weathering, transportation and successive phases of sedimentation and reworking. followed by homogenization. The fraction <2 µm was collected by decantation after settling and oriented aggregates were made on glass slides. The X-ray diffractograms were made using an untreated sample, a glycolated sample, and a sample heated for 2 hr at 490°. A Philips 1730 diflfractometer (copper K-radiation focused by a curved quartz-crystal monochromator) was used at a scan speed of 1° 20/min, with all instrument settings kept constant for all analyses. Semiquantitative evaluation was based on the peak heights and areas of selected clay mineral peaks, assuming that these weighted amounts added up to 100%. The height of the illite and chlorite (001) peaks were taken as references. The relative proportion of smectites and mixed-layer clay minerals was determined by multiplying their peak height by a factor of 1.5 to 2 depending on their crystallinity; by contrast, well-crystallized kaolinite was corrected by a factor of 0.5. The relative proportions of chlorite and kaolinite were determined from the ratio of peak heights (respectively 3.54 Å and 3.58 Å) : when this ratio is 1, the amount of chlorite is assumed to be twice that of kaolinite. Final data are given in percent, the relative error being about ± 5% (Holtzapffel, 1985) . The values of illite crystallinity correspond to the 1/100 breadth of the 10-Å peak at half height. This measurement is made on the X-ray diffractogram obtained on the glycolated sample.
For transmission electron microscopy a small volume of the fraction <2 µm was diluted in butylamine, and distilled water was added to obtain a translucent mixture. A drop of this solution was placed on a copper grid covered with a thin collodion film. The observation was done directly, without any coating, on a TEM JEOL 100CX.
Isotopic Techniques

Hydrogen and Oxygen
Classical methods were used for quantitative extraction of structural hydrogen (Friedman, 1953) and oxygen of silicates (Clayton and Mayeda, 1963 Table 2 ). Mineral phases were separated using both magnetic and gravimetric techniques. Quartz fractions were leached with HF 20% for 1 hr to remove all feldspars. Under such conditions yields of extractions were between 99 and 100% compared to pure quartz. Following the method of Savin and Epstein (1970a) , clayey fractions were placed in an atmosphere dried by Ti 2 O 5 for at least 1 day to remove absorbed and interlayer water.
Strontium and Neodymium
Analytical techniques for Rb-Sr runs have been described elsewhere (Alibert et al., 1983) . For Sm-Nd runs a method developed for sediments and granitic rocks (Boher et al., unpubl. data) was used: one part of sample powder ( IOO mg) is mixed with three parts of pure lithium metaborite. The mixture is transferred into a platinum-gold-iridium crucible, to which weighted spikes are added, and dried slowly overnight. After melting, the glass is dissolved in IN HC1 and rare-earth elements (REE) coprecipitated with iron hydroxide. Fe and REE are shared by anionic resin in concentrated HC1. The subsequent steps for Sm-Nd separation are described in Michardetal., (1985) .
MINERALOGY
Clay Mineralogy
In all samples the fraction <2 µm always contains chlorite, illite, mixed layers, smectites, and kaolinite in various amounts. In general the nature of each of these minerals does not change with depth.
Illite and Chlorite
These appear on tunneling electron microscope (TEM JEOL 100CX) photomicrographs as large, sharp-edged particles. They often show a watered-looking surface (Beutelspacher and Van Der Marel, 1968) . In clayey and biogenic levels their sizes decrease and they have irregular edges (Figs. 2A and 2B, 3A and 3B) . Well-preserved illites and chlorites associated with small fleecy smectites and rare kaolinites (× 15000). B. Sample 116-717C-48X-1, 42-43 cm, Zone 3. Dominant illites and chlorites showing light overgrowths of laths (arrows). Smectites and kaolinites are more abundant than in the previous sample (× 15000). C. Sample 116-718C-72X-6, 93-94 cm, Zone 3. Large amounts of small sub-hexagonal kaolinite; appearance of needles of goethite. Other clays are smectites and rare illites. D. Sample 116-718C-78X-4, 14-15 cm, Zone 3. Same characteristics as C, except that goethite is absent (× 15000).
Mixed Layer Clays
These are diversified, random, and present in essentially constant proportions ( 15%). Particular mixed-layer clays are sometimes encountered in parts of the section, showing evidence of illite and vermiculite layers with few smectite layers (for example Sample, 116-717C-38X-1, 69-70 cm (Fig.  4) .
Smectites
These appear as small fleecy particles (Figs. 3B and 3D ).
Kaolinites
These appear as small, well-preserved particles, in most cases showing typical pseudo-hexagonal forms (Figs. 2C and 2D) . In spite of the maximum depth reached (935 mbsf), very little evidence of burial diagenesis has been recognized. Smectite minerals that are unstable in burial conditions (Dunoyer de Segonzac, 1969) , exist even in the oldest sediments. Moreover, the crystallinity index of illite, one of the more accurate parameters for indicating diagenesis, does not significantly vary downhole (Table 1) . Therefore the clay assemblages reflect initial sedimentary composition and environmental conditions from lower Miocene to the Present.
Mineral Assemblages
The analysis of both the petrographic characters (Shipboard Scientific Party, 1989 ) and the mineralogical compositions of the fraction <2 µm (Figs. 5, 6 , and 7) reveal that, in Table 1 . Relative abundance (%) of the different clay species in the fraction <2 µm, and Illite crystallinity in the different zones. the silty or sandy levels, illites and chlorite represent 45% to 85% of the clayey fraction. In contrast, smectite and kaolinite are dominant (50% to 85%) in biogenic-rich clays and in clay stones. This relationship is well documented all over the Ganges and Indus fans (Bouquillon et al., 1988; Debrabant et al., unpubl.data) . Therefore it is possible to define two types of levels based on the mineralogical composition of the clay fraction: (a) ICRA levels for illite-and chlorite-rich assemblages (more than 50% I+C), that are composed of sandy and silty sediments; (b) SK-rich assemblages levels for Smectiteand Kaolinite-rich assemblages (more than 50% S + K), which are composed of clay stone and carbonaceous oozes. From the relative abundance of ICRA and SKRA levels (Figs. 5 and 6; 718C-98X to -42X and 116-717C-91X to 59X This zone is largely dominated by turbiditic sediments. 59 samples are silty or sandy ICRA levels. In ICRA levels chlorite and illite represent about 65% of the total fraction <2 µm (Figs. 2A and 2B) . Most common non-clay minerals of the fractions <2 µm are quartz and feldspars with sporadic amphiboles and traces of goethite.
The fractions >63 µm are composed of biogenic material and detrital minerals. In samples from Cores 116-718C-98X to -42X, lignitic debris is present in low to medium abundance throughout the zone. Foraminifers are present sporadically. From Cores 116-717C-91X to -59X, the biogenic fraction is rare with local occurrence of well-preserved or broken foraminifers generally associated with scarce sponge spicules. Lignitic fragments may be locally abundant with debris up to 400 µm in size. The detrital minerals are quartz, feldspar, and micas in highly variable proportions (Fig. 8D ). The quartz is often hyaline and angular to subangular; some crystals are up to 500 µm in size. The phyllites are mainly composed offtakes of muscovite, biotite and chlorite. Rounded, translucent, pink garnet has been found in Samples 116-718C-91X-1, 60-61 cm, -717C-90X-2, 8-9 cm, -717C-66X-2, 137-139 cm, and -717C-69X-1, 71-72 cm.
Some minor sequences of finer clayey or calcareous materials are interbedded with the silty and sandy turbidites. In these SKRA samples, chlorite disappears and smectite and kaolinite represent 66% of the clayey fraction. In Hole 718C, two zones of reddish material (116-718C-78X-4, 14-16 cm, and -72X-6, 93-95 cm) are enriched in kaolinite (25% and 30%) in the form of small pseudo-hexagonal particles related to needles of goethite (Figs. 2C and 2D) . Sample 116-717C-65X-3, 29-31 cm, contains large amounts of carbonates. The clay assemblage is dominated by smectite ( 65%) and kaolinite ( 15%). Smectite is always fleecy and kaolinites often present a typical pseudo-hexagonal form. The illites from these facies show distinct signs of slight alteration (Fig. 3D ). In the deep part of Holes 717C and 718C (Cores 116-717C-9OX to -718C-88X), lath-shaped clays are present with little needles developed around the particles in three directions at 60°, indicating incipient early diagenesis (Fig. 2B ).
Zone 2: Cores 116-717C-60X to -21X
This zone is characterized by an alternation of SKRA and ICRA levels. Of the 57 analyzed samples of Zone 2, 42 belong to SKRA and 15 to ICRA. Generally, clays and calcareous clays contain kaolinite and smectite whereas silty or sandy samples contain illite and chlorite. ICRA levels are less enriched in illite and chlorite than those of Zone 3. Except for the Samples 116-717C-37X-2, 119-120 cm, to -38X-1, 69-70 cm, where particular mixed-layer clays are encountered with 65% of illite + chlorite, the fraction of illite and chlorite never exceeds 0.50. However the mean fraction in Zones 1 and 3 is 0.63 for ICRA. Compared with Zone 3, the fraction <2 µm is poor in quartz and feldspar and SKRA levels are slightly enriched in gibbsite. TEM observations show fleecy smectites, hexagonal kaolinites and illites, and rare palygorskite in short fibers (Sample 116-717C-22X-4, 100-102 cm, Figs. 3B and 3C). The palygorskite occurs either isolated or assembled in flakes with the extremity of the fibers often broken. This mineral forms less than 5% of the fraction <2 µm in all samples, as it has never been identified with X-ray diffraction methods. The lithoclastic fraction >63 µm is less well represented in this zone. According to Shipboard Scientific Party (1989) , maximum grain size is significantly lower than in Zones 1 and 3. Muscovite and biotite of small size (100-300 µm) are predominant and in some cases forms the whole lithoclastic fraction >63 µm. The chlorite fraction is rare and generally large (400-1000 µm). Quartz and feldspars are always present but not very abundant except in some ICRA levels. Quartz grains are hyaline, angular to subangular, and of small size (100-200 µm). Amphibole and tourmaline are locally present. Sulfide aggregates (100-2500 µm long) are frequent and locally form nearly the whole of the fraction >63 µm. Pyritic tubes up to several mm long and 1 mm in diameter are sometimes very abundant and associated with aggregates (Fig. 8C) .
The bioclastic fraction >63 µm is more abundant in Zone 2 than in the other zones. It may form up to 50% of the fraction >63 µm. Lignitic debris is common, especially between Cores 116-717C-46X and -58X. Well-preserved or broken foraminifers are also more abundant than in Zones 1 and 3, and their occurrences are linked to the presence of lignitic debris. Figure 7 . Graphic symbols used for lithologic descriptions for the fraction <2 µm (clay and associated minerals) and for the fraction >63 µm (relative abundance of lithoclasts and bioclasts).
Isotopic Results
Isotopic measurements have been done for hydrogen, oxygen, strontium, and neodymium. As analyses had to be carried out on separated mineral fractions, samples rich in the coarse grain fraction (>63 µm) were preferentially selected. Hence the samples are not representative of all the facies; for instance, levels from Zone 2 have not been analyzed. From previous work on sediments, δD on illite and δ 18 θ on quartz (Savin and Epstein, 1970a, b; Clayton et al., 1978) , and Nd isotope ratios of silicate particles (Goldstein et al., 1984) are not affected during the processes of erosion, transport, and sedimentation. They are, therefore, considered to be a reliable witness of the parental rocks. On the contrary, Sr isotope ratios might be sensitive to exchanges with dissolved Sr (Goldstein, 1988) .
Hydrogen and Oxygen Isotopes (Table 2)
Quartz
Ten samples of quartz separated from coarse fractions have been analyzed. δ 18 θ values range from 11.7%o to 13.3%c with most values around 13%c. No variation with depth or mineralogy of samples is observed. These values are high, in the range of continental igneous rocks (e.g., Taylor and Sheppard, 1986 ) and typical of metamorphic rocks (e.g., 8%o to 18‰ in Garlick and Epstein, 1967) . However, the range of Leg 116 quartz is very narrow. The range of δ I8 0 values of quartz of the High Himalaya Crystallines (Fig. 9 ) is similar to that of Leg 116 quartz.
Micas and Chlorite
Mixtures of biotite and chlorite separated from coarse fractions have been analyzed for δ 18 θ and δD. δ 18 θ values are between 7.2%c and 8.1%e and δD values between -83 and -72%e. Oxygen isotope fractionation between quartz and biotite-chlorite (3.6 to 5.6) are compatible with metamorphic or igneous temperatures for which biotite and chlorite are 4%o to 6%o depleted in 18 O relative to quartz (Garlick and Epstein, 1967) . Two samples of muscovite have been analyzed for δD (-73.8%c and -73.l‰) . D/H fractionations between muscovite and biotite-chlorite are IO and 0; both are too small for equilibrium according to the experimental data of Suzuoki and Epstein (1976) and Graham et al. (1987) (20 to 40 between 400°a nd 800°C). This could be due to mixing of distinct sources of minerals or to small degrees of hydrogen exchange during alteration or sedimentation. All δD and δ 18 θ values on micas and chlorite are in the range of the High Himalaya Crystalline values (Figs. 9 and 10) .
Clays
H-and O-isotope compositions of fine-grained material are relatively uniform for ICRA levels (δD = -76% O to -72% c and δ 18 θ = 12.0‰ to 13.0‰) but variable for SKRA levels (δD --75% c to -55%o and δ 18 θ = 12.5‰ to 21.8%o). No systematic variation with depth is observed. On a δ 18 θ vs. δD diagram (Fig. 10 ) these samples cover a field between the range of micas >63 µm and the field of clay minerals in equilibrium with actual Indo-Gangetic meteoric waters. ICRA samples are B Figure 8 . SEM photomicrographs of the fraction >63 µm from Holes 717C and 718C. A. Sample 116-717C-26X-07, 20-21 cm. Well-preserved foraminifers (F), which form more than 50% of the whole fraction. Rare pyritic radiolarians (r) and undetermined bioclasts (b) are associated with small (100 µm) shapeless pyrite aggregates to form the remainder of the fraction >63 µm. B. Sample 116-717C-29X-1, 75-76 cm. The major part of the fraction >63 µm is formed by very abundant lignitic debris (LD) up to 300 µm long, common unbroken and small foraminifers (F), and rare sponge spicules (SP). The lithoclastics are formed by common pyrite aggregates (AG) and rare angular quartz grains (Q). C. Sample 116-717C-30X-3, 20-21 cm. The lithoclastic fraction is mainly formed by large (up to 2500 µm) pyritic tubes (T) and small pyrite aggregates and quartz grains. The bioclastic fraction is mainly composed of small, unbroken, often pyritized foraminifers (F). D. Sample 116-718C-68X-2, 62-63 cm. The whole fraction >63 µm is formed by lithoclasts mainly of angular to subangular quartz and indeterminate rock debris.
very close to the values of micas >63 µm whereas SKRA samples, except one, plot close to the line of kaolinite in equilibrium with meteoric waters (Savin and Epstein 1970c) . This relation between H-and O-isotope values and the mineralogical composition strongly suggests that illite and chlorite have inherited their isotopic compositions from their metamorphic precursors. On the contrary, smectite and kaolinite produced by low-temperature continental alteration have higher δD and δ 18 θ values. The δ 18 θ and δD values of the pure smectite-kaolinite fraction can be estimated by mass balance calculation assuming that illite and chlorite have preserved their original meta- Lawrence and Taylor (1972) , Yeh and Savin (1976) and Yeh (1980) , this field (Fig.  10) is significantly lower in δD and δ 18 θ than the field for kaolinite and smectite in equilibrium with seawater. Therefore the amount of authigenic minerals, if any, cannot exceed a few percent. Meteoric water in equilibrium with these kaolinites and smectites would have δ 18 θ -4%o and δD -22%, which corresponds to the modern meteoric water in New Delhi (IAEA, 1979) .
ICRA samples as well as micas and chlorite have δ 18 θ values 4‰, lower than most detrital clays from the ocean (e.g. Savin and Epstein, 1970a) . This difference emphasizes the fact that most material deposited in the Bengal Fan at Sites 717 and 718 is directly derived from a metamorphic or igneous source with no detectable effects of alteration. Also, since deposition, exchange between clays and seawater or pore water does not appear to have occurred as the mineral δ 18 θ and δD values do not change with depth. Table 2 and: Blattner et al. (1983) , Dietrich and Gansser (1981) , Deniel et al. (1986 and , , , France-Lanord and Scaillet (1989) , S. Goldstein (pers. comm.), Goldstein et al. (1984) , Vidal et al. (1982 and . (Goldstein et al., 1984) . The values of the isotopic ratios appear to be independent of the depth. eNd 0 values are very similar to those of the Ganges particles (Goldstein et al., 1984) and to the High Himalaya gneisses (Deniel et al., 1987) (Fig.  9) .
Within a single sample (116-717C-2H-1) the biotite-chlorite fraction >63 µm has a 143 Nd/ 144 Nd ratio significantly higher than that of both the fraction <2 µm and the muscovite >63 µm (Fig. 9) .
To compare these results with Himalayan formations, some Nd data have also been obtained from Himalayan series rocks that were not previously investigated for their Sm-Nd characteristics. Results and calculated eNd 0 values are listed in (De Paolo and Ingram, 1985) .
The values for carbonate-free samples are higher than the range for most recent sediments derived from continental crust reported by Goldstein (1988) for which exchange with, or addition of nonradiogenic Sr (<0.710) is inferred. Hence the analyzed clays are dominated by crustal strontium. Interaction with seawater is not detectable.
DISCUSSION
Origin of the Detrital Input
Considering the volume and location of the Bengal Fan (Curray and Moore, 1971; Moore et al., 1974) , the Himalayas must be the major detrital source. However, considering the location of the Leg 116 holes (Fig. 1) , other sources are possible such as the eastern coast of India and Sri Lanka.
The clay mineralogy as well as the H-, O-, Sr-, and Nd isotope ratios of ICRA samples (essentially illite + chlorite) and the coarse-grained mineralogy are similar to those of some Himalayan formations (Fig. 9) . Ingersoll and Suczek (1979) came to the same conclusion using detailed post-counting of the coarse minerals from the Nicobar and Bengal fans (Sites 211 and 218). The coarse-grained fraction mineralogy, including amphibole, tourmaline, and garnet, is typical of both metamorphic gneisses and granites.
The clay fraction, illite and chlorite, may be derived by the degradation of muscovite and biotite of the metamorphic and igneous formations. Chlorite is also common in low-grade metamorphic rocks, and illite and chlorite are present in some sedimentary series of the Himalayas (e.g., Mukherjee, 1964) . Illite and chlorite are always abundant in all stages between the Himalayas and the Leg 116 sites: in the suspended matter -Lanord, 1987 ) and the field for kaolinite and smectite in equilibrium with modern meteoric water of the Indo-Gangetic plain. Lines of Kaolinite and smectite in equilibrium with meteoric water are drawn according to the fractionation factors of Lawrence and Taylor (1972) , Yeh and Savin (1976) and Yeh (1980) . Meteoric waters from the Indo-Gangetic Plain correspond to mean annual values given by International Atomic Energy Agency (1979) in New Delhi (δ 18 θ -5%c) and Shillong (δ 18 θ O‰) (Fig. 1) .
of the Ganges and Brahmaputra rivers (Konta, 1985; Naidu et al., 1985) , in the soils of the Indo-Gangetic Plain (Sidhu and Gilkes, 1977) , and in the surficial sediments of proximal and medial parts of the Bay of Bengal (Bouquillon, 1987) (Fig. 11) . Similar assemblages are also characteristic of the Indus deepsea fan (Bouquillon et al., in press ). The origin of smectite and kaolinite is more difficult to establish. Neither are abundant in Himalayan formations. Hence they may have an origin other than direct Himalayan input. δD and δ 18 θ values of SKRA samples show that they are certainly detrital and that they contain a substantial proportion of soil clays. Moreover, similar smectites from proximal and medial parts of the Ganges Fan have Aluminum and iron content (20% and 12% respectively, Bouquillon, 1987; Bouquillon et al., in press) typical of soil (Paquet, 1970) . Two major sources can therefore be considered: (1) the soils of the Indo-Gangetic Plain where Himalayan material has accumulated and been altered, and (2) the eastern coast of India and Sri Lanka. Of the seven SKRA samples analyzed for e N d 0 , six have values similar to those of ICRA levels. SKRA minerals could therefore be produced by alteration of Himalayan minerals, which would support a source from the Indo-Gangetic Plain. However, the abundance of kaolinite is not entirely compatible with a unique Gangetic origin. Based on the observation of Gibbs (1975) , differential settling of kaolinite and smectite should induce a decrease of the kaolinite/smectite ratio with distance from the source. Across the Bengal Fan, no such gradient in this ratio is observed either from west to east or north to south. This suggests that a part of the clay assemblages must have originated from along the whole length of the western Bay of Bengal coast. Southern India and Sri Lanka could act as a source for the smectites and kaolinites because (1) they are relatively close to the Leg 116 Sites, (2) clay assemblages of the Holocene sediments in the Ceylon Basin are very similar to those of SKRA horizons at Sites 717 and 718 (Fig. 12) , (3) Tertiary lateritic formations from south India are rich in kaolinites and gibbsite (Kumar, 1986 (Peucat et al., 1989) . However, in most samples such a contribution may be diluted by Himalayan material sensu lato and is therefore not detectable by bulk isotopic analysis. At present it is impossible to ascertain the mineralogical composition and the relative contribution of these two sources. It appears that the Indo-Gangetic Plain is a potential source of smectite and that a meridional source richer in kaolinite could better explain the occurrence of this mineral. One answer could be the chemistry of smectite, because south India and Sri Lanka soils contain a special type of ferrous smectite (21% Fe 2 O 3 ). Additional isotopic analyses of SKRA levels and chemical analyses are necessary to refine the model.
Palygorskite, observed in biogenic-rich sediments of Zone 2 (Pleistocene), has already been found in the Pleistocene sediments of the Sri Lanka Basin (Bouquillon et al., in press ). Their fibers, short and often broken, are typical of aeolian inputs . Palygorskite is typical of saline deserts, and Somalia and Arabia are the major sources recognized for the northern Indian Ocean (Kolla et al., 1976; Bouquillon and Debrabant, 1987; Chamley et al., 1989; Debrabant et al., unpubl. data) .
Temporal Evolution of the Detrital Input
The changes in mineralogy of the Leg 116 turbidites can be summarized in three periods corresponding to the three zones. Zones 3 (17 to 6 m.y.) and 1 ( 0.8 m.y.? to present) record periods of high detrital input and are rich in minerals directly derived from the Himalayas. By contrast, Zone 2 corresponds to a period when detrital input was dominated by alteration minerals associated with bioclastic constituents, with only few brief silt turbidite episodes. In Hole 717C the period of Zone 2 is characterized by low sedimentation rates ( 48 m/m.y.) compared to Zones 3 ( IOI m/m.y.) and 1 ( 260 m/m.y.) (Shipboard Scientific Party, 1989 ). This contrast is much more marked in Hole 718C, where the sedimentation rate was around 10 m/m.y. during the period of Zone 2 and 70 m/m.y. during the period of Zone 3.
The variation of the direct Himalayan input can be interpreted either in terms of climatic change and sea-level variation or in terms of an erosion pulse. The very high sedimentation rate recorded during the last million yr in Hole 717C can be correlated to the deposition of very thick (=3000 m) molasse in the central Himalayas during the Pleistocene (e.g., Le Fort, 1989) . In the Himalayas the uplift rate is probably controlled by continental thrusting. The time interval between the two major thrusts, the main central thrust (MCT) and the main boundary thrust (MBT), could correspond to a period of lower erosion rates.
While the nature of the detrital input can be summarized by three major periods, the isotopic compositions of δ 18 θ of quartz, 87 Sr/ 86 Sr of feldspar, and 143 Nd/ 144 Nd of fine particles are nearly constant throughout the two profiles. Therefore, from the isotopic point of view, the source(s) of minerals during these different periods did not change.
Comparison with the Himalayas
As shown by the mineralogical and isotopic (Fig. 9) data, all ICRA levels and some SKRA samples have characteristics similar to those of certain Himalayan formations. A more detailed comparison requires a clear definition of the different Himalayan candidates. Schematically, the Himalayas can be subdivided into three major units from south to north (e.g., Gansser, 1964; Le Fort, 1989 ):
1. The lesser Himalaya (LH), dominated by metasediments that are the oldest known formations (>1.8 Ga; Deniel, 1985) . They are located between the MBT and the MCT (Fig.  1) . Sr isotope ratios are very high, reflecting their long crustal evolution (France-Lanord and . Two eNd 0 values (Table 2 ) corroborate this evolution.
2. The High Himalaya Crystallines (HHC), located over the MCT (Fig. 1) , are mostly paragneisses. They are often associated with thick leucogranitic plutons. They are the most thoroughly investigated of the various Himalayan formations. O, Sr, and Nd isotope ranges of the paragneisses are presented in Figure 9 . Leucogranites, which are derived from the HHC, have exactly similar ranges but they do not represent an important source of sediments compared to the whole HHC.
3. The High Himalaya sedimentary series (HHSS) are Cambrian to Eocene composite formations including limestones, sandstone, shales, and volcanic material. Only two Nd isotope values (this study, For the δD values, the different Himalayan formations display some ranges of values that allow discrimination. In central Nepal, LH is dominated by low δD content (-100%o to -70%o) rocks, HHC have higher δD values around -60‰ to -50% 0 formuscoviteand -93%oto -68%o for biotite and HHSS is often very δD depleted (-140‰ to -80%o for biotite) (France-Lanord, 1987; .
The δD values of ICRA samples, -73% O to -83% O , correspond to both HHC and LH. Figure 9 clearly shows that the O, Sr, and Nd isotope data of Leg 116 samples are indistinguishable from those for the HHC formations. For all three isotopic systems the maxima of the histograms are concordant, and the ranges of values are slightly smaller for Leg 116 samples. The Sr and Nd isotope maxima correspond also to the 87 Sr/ 86 Sr ( 0.747) and the eNd o (-15. 3) for the particles presently being carried by the Ganges (Fig. 9 ) (S. Goldstein, pers. comm., 1988; Goldstein et al., 1984) . The isotopic similarity between Ganges particles and HHC is not surprising, as now, among the Himalayan formations, HHC is by far the most exposed to physical erosion. Therefore, a simple model would be to propose that since 17 Ma the material eroded from the Himalaya is provided by the HHC. Obviously other Himalayan formations have been and are being eroded and the model of a single source for the detrital sediments is an over-simplification. The isotopic heterogeneities of the HHC are typically on a metric to decametric scale (Deniel et al., 1987; , and the mechanism of erosion/transport should reduce the heterogeneities by mixing. Because the O, Sr, and Nd isotope ranges are nearly the same as in the HHC, a small contribution of other formations is probable. For example, roughly 20% of LH is necessary to explain the lower eNd o values. Such contributions are confirmed by the single-grain 40 Ar/ 39 Ar dating (Copeland et al., this volume) : while feldspars from the HHC are younger than 40 m.y., most levels from Holes 717C and 718C contain some old feldspars (100 m.y. to 2 G.y.) that have not undergone the same degree of metamorphism as the HHC. The high abundance of chlorite, even in the coarse fraction, compared with that of the present HHC formations, also supports mixing of additional sources with the HHC.
CONCLUSION
During the 17-m.y. record of the Leg 116 Holes, the Bengal Fan sedimentation has been dominated by detrital and turbiditic inputs. Both the mineralogy and the combined isotopic compositions are compatible with a Himalayan origin for the major part of the input. This conclusion is particularly well supported because the three isotopic systems are independent of one another. Except during the 6-to 1-m.y. period, the mineralogical assemblages are poor in alteration minerals. The very high sedimentation rates, the low δ 18 θ and high 87 Sr/ 86 Sr values (unusual for detrital material) all suggest that the processes of erosion, transport, and deposition were very intense and rapid. These characteristics are of course related to the dramatic development of the Himalaya, where uplift rates reached 1000 m/m.y. The long history of sedimentation also implies that the Himalayan relief has existed at least since the middle Miocene. Whereas the mineralogical assemblages and the rate of sedimentation are variable, especially during the 6-to 1-m.y. period, the Nd-isotope signature, which is the most reliable witness of the origin, is remarkably similar throughout the studied 17 m.y. This stability implies that the major source of eroded material remained the same during the 17 m.y. and therefore that the High Himalaya Crystalline or similar formations have always been the most exposed to erosion.
